INTRODUCTION
============

Bleaching treatments employ procedures that attenuate or remove dyes from teeth and have, recently, been widely used, mainly by patients seeking an attractive and apparently healthy smile.[@b1-dent04_p0238] However, such aesthetic procedures may cause side effects, such as morphological changes in the hard dental tissues[@b1-dent04_p0238]--[@b3-dent04_p0238] and decreases in the bond strength of resin composites to the bleached dental surface.[@b4-dent04_p0238],[@b5-dent04_p0238] Dentin hypersensitivity is another side effect caused by the diffusion of bleaching agents through the tooth structure to the pulp tissue,[@b6-dent04_p0238]--[@b10-dent04_p0238] resulting in pulp inflammation.[@b6-dent04_p0238] Such side effects are attributed to the generation of reactive oxygen species (ROS), which play an important role in the tooth-bleaching therapy, but may also have deleterious effects on cells due to the lipid peroxidation process.[@b11-dent04_p0238]

In order to reverse the effects of bleaching agents on composite bond strength to the bleached tooth surface, the use of 10% sodium ascorbate (SA) has been proposed.[@b12-dent04_p0238] Sodium ascorbate is considered a powerful hydro-soluble antioxidant capable of deoxidizing the reactions of oxygen and nitrogen free radical species. Therefore, SA is able to prevent important deleterious oxidative effects on biological macromolecules, such as DNA, lipids, and proteins.[@b13-dent04_p0238],[@b14-dent04_p0238]

Dental materials, or their components, that are capable of trans-dentin diffusion can cause irreversible pulp injuries or even induce a death process and tissue necrosis.[@b15-dent04_p0238] Consequently, the use of materials that can reduce or even eliminate the injuries caused by toxic components diffusing through the dentin tubules to the pulp may be of great value, since the restorative procedures may become not only effective, but also safe. Therefore, the aims of the current study were these: a) to evaluate the cytotoxicity of a bleaching agent when applied to the immortalized MDPC-23 odontoblastic cell line; and b) to determine whether SA can reduce or eliminate the toxic effects caused by a bleaching agent on such cells. The null hypotheses tested were that the bleaching agent does not exert any toxic effects on cultured odontoblast-like cells and that SA has no protective effect against the potential cytotoxicity of the bleaching agent.

MATERIALS AND METHODS
=====================

Cell culture
------------

Immortalized cells of the MDPC-23 cell line were cultured (30,000 cells/cm^2^) on sterilized 24-well acrylic dishes (Costar Corp., Cambridge, MA, USA) and were then incubated for 48 hours in a humidified incubator with 5% CO~2~ and 95% air at 37°C. Dulbecco\'s Modified Eagle\'s Medium (DMEM, SIGMA Chemical Co., St. Louis, MO, USA) with 10% fetal calf serum (FBS, Cultilab, Campinas, SP, Brazil), supplemented with 100 IU/mL penicillin, 100 μg/mL streptomycin, and 2 mmol/L glutamine (GIBCO, Grand Island, NY, USA), was used as the culture medium.

Preparation of the solutions used in the study
----------------------------------------------

One bleaching agent composed of 10% CP (Whiteness, FGM, Joinvile, SC, Brazil) was used in the present in vitro study. The bleaching agent was diluted in culture medium with no serum fetal bovine (DMEM- SFB) until it reached a final concentration of 0.01% (2.21 μg/ml of H~2~O~2~). In order to prepare the antioxidant solution, sodium ascorbate (Sigma Chemical Co., St. Louis, MO, USA) was dissolved in DMEM-SFB to obtain concentrations of 0.25 mM/mL and 0.5 mM/mL.[@b14-dent04_p0238] Therefore, the following five control and experimental groups (n=10) were created: G1=no treatment (control); G2=0.25 mM/mL SA; G3=0.5 mM/mL SA; G4=0.25 mM/mL SA + 0.01% PC; and G5=0.5 mM/mL SA + 0.01% CP; G6: 0.01% CP. The experimental extracts (1ml) were applied to cultured MDPC-23 cells and maintained in an incubator at 37°C for 60 minutes.

Cytotoxicity test (MTT assay)
-----------------------------

The control extracts (G1) and those obtained from both CP and SA dilutions in DMEM (G2-G6) were applied to MDPC-23 cells (1 ml). The cells in contact with the extracts were maintained in a humidified incubator at 37°C with 5% CO~2~ and 95% for 60 minutes. Afterwards, the cells were rinsed carefully in phosphate-buffered saline (PBS) and were submitted to cell metabolic activity analysis by methyltetrazolium assay (MTT assay).[@b16-dent04_p0238] This test determines the activity of succinate dehydrogenase enzyme (SDH) produced by the mitochondria of viable cells. In order to prepare the MTT stock solution, 5 mg of methyltetrazolium salt (Sigma Chemical Co., St. Louis, MO, USA) was diluted in 1 mL of PBS. Eight wells from each of the experimental and control cell cultures were aspirated in a vertical laminar flow cabinet, and the medium was replaced by a solution composed of 900 μL DMEM and 100 μL of MTT stock solution. The cells in contact with this solution were then incubated for 4 hours. After this period, the DMEM + MTT solution was aspirated and was replaced by 600 μL of acidified isopropanol solution (0.04 N HCl) to dissolve the blue crystals of formazan present in the cells, resulting from the cleavage of methyltetrazolium salt by the succinate dehydrogenase (SDH) enzyme produced in viable cell mitochondria. After agitation and confirmation of the homogeneity of the solutions, three 100 μL aliquots were transferred from each well to the wells of a 96-well dish (Costar Corp., Cambridge, MA, USA). Cell viability was determined as being proportional to the absorbance measured at a 570 nm wavelength with an ELISA plate reader (Multiskan, Ascent 354, Labsystems CE, Lês Ulis, France).

The data obtained from the MTT assay were analyzed statistically by 2-way ANOVA (SA and CP), and statistical differences among groups were detected by Tukey's post-hoc test at a pre-set alpha of 5%. The group means were used to determine cell viability (%) in comparison to the control group (G1), which was considered as 100%.

Analysis of cell morphology by scanning electron microscopy
-----------------------------------------------------------

The other two specimens were selected for analysis of cell morphology by SEM. For this, sterile 12-mm-diameter cover glasses (Fisher Scientific, Pittsburgh, PA, USA) were placed on the bottom of the wells of 24-well dishes immediately before seeding of the MDPC-23 cells (30,000 cells/cm^2^). The extracts were applied to the cells, according to each group, in a manner similar to the protocol for the analysis of cell metabolism. Thereafter, the extracts were aspirated and the viable cells that remained attached to the glass substrate were fixed in 1 ml of buffered 2.5% glutaraldehyde for 120 min. Next, the cells were submitted to three 5-minute rinses with 1 mL PBS and post-fixed in 1% osmium tetroxide for 60 min. Afterwards, the cover glasses with cells were dehydrated in increasing concentrations of ethanol solutions (30%, 50%, 70%, 90%, 100%). Finally, the cells on the discs were subjected to drying by low surface tension solvent 1, 1, 1, 3, 3, 3,-hexamethyldisilazane (98% HMDS; Acros Organics, New Jersey, USA) and kept in desiccators for 12 hours. Then, the cover glasses were fixed on metal stubs and gold sputtered. These procedures allowed the cell morphology analysis in SEM. (JEOL-JMS-T33A Scanning Microscope, JEOL-USA Inc., Peabody, MA, USA).

RESULTS
=======

The values of SDH enzyme activity (as determined by MTT assay) are presented in [Table 1](#t1-dent04_p0238){ref-type="table"}, according to the presence or absence of the bleaching agent and SA concentration. In groups G2 and G3, in which SA was added to the culture medium, a discrete increase in cell metabolism was observed. As a consequence, cell viability values of higher than 100% were recorded in these experimental groups. However, this higher cell metabolism determined in groups G2 and G3 was not statistically different when compared to the control group (G1). When SA was associated with CP, a significant decrease in the cytotoxic effects of CP was observed, with higher SDH production (P\<.05). The lowest metabolic values were observed in groups in which only the experimental bleaching agent was added to the culture medium. Considering the control group as 100% cell metabolism, the values obtained by the MTT assay regarding SDH production for groups 2, 3, 4, 5, and 6, were 110.06%; 108.57%; 90.35%; 97.63% and 66.88%, respectively.

Scanning electron microscopy (SEM) analysis of cell morphology
--------------------------------------------------------------

In the control group (G1) and in groups G2 and G3, a considerable amount of MDPC-23 cells, organized in epithelioid nodules, remained attached to the glass substrate. Such cells presented a large cytoplasm, and a number of cytoplasmic processes originated from their membrane ([Figure 1A--C](#f1-dent04_p0238){ref-type="fig"}). Similar amounts of cells with the same morphological features were observed in group G4 ([Figure 1D](#f1-dent04_p0238){ref-type="fig"}). In group G5, most of the MDPC-23 cells that remained on the substrate exhibited a few short cytoplasmic processes. These cells were also organized in epithelioid nodules and presented a smooth, round shape ([Figure 1E](#f1-dent04_p0238){ref-type="fig"}). In group G6, a great number of cells were detached from the glass substrate. Therefore, wide areas with granular structures, similar to the residual membrane of dead cells, were seen on the glass disk. However, the small number of cells that remained attached to the substrate maintained their organization in epithelioid nodules ([Figure 1F](#f1-dent04_p0238){ref-type="fig"}).

DISCUSSION
==========

The present in vitro study demonstrated that a solution of 0.01% of carbamide peroxide causes cytotoxic effects on the MDPC-23 odontoblastic cell line. Because of these results, the first hypothesis of this study was rejected. It has been reported that bleaching agents, placed in the aqueous medium, decompose and originate subproducts, such as hydrogen peroxide and urea.[@b17-dent04_p0238]

Hydrogen peroxide is classified as one of the many ROS; these are highly reactive molecules capable of causing injuries in many cell components, such as plasmatic membrane, organelles, and DNA.[@b18-dent04_p0238] The imbalance between endogenous cellular antioxidant agents and ROS results in oxidative stress,[@b19-dent04_p0238] which may cause several injuries that vary from reversible lesions to cell death.[@b11-dent04_p0238] Therefore, the deleterious effects observed when the bleaching agent was applied to the cells (G6) may be attributed to the known cytotoxic effect of hydrogen peroxide, present at a concentration of 2.21 μg/mL in culture medium. Such toxic effects, caused by the CP dissolved in aqueous medium (DMEM), were confirmed not only by the decrease in SDH production by odontoblast-like cells (as detected by MTT assay), but also by the decrease in number and morphological changes of cells that remained adhered to the glass substrate after the bleaching agent application ([Figure 1F](#f1-dent04_p0238){ref-type="fig"}).

It has been demonstrated that hydrogen peroxide diffuses through enamel and dentin and reaches the pulp tissue when the bleaching agent is applied to the tooth.[@b9-dent04_p0238],[@b20-dent04_p0238],[@b21-dent04_p0238] Therefore, the current in vitro study used 0.01% CP, dissolved in culture medium (DMEM), in an attempt to simulate the concentration that reaches the pulp after the clinical procedure of bleaching therapy.[@b9-dent04_p0238],[@b20-dent04_p0238],[@b21-dent04_p0238] Several investigations have demonstrated that hydrogen peroxide is released from the bleaching agents applied on enamel, and a defined concentration (2.21 μg/ml of H~2~O~2~) of this oxygen-derived free radical may reach the pulpal chamber after diffusion through enamel and dentin.[@b9-dent04_p0238],[@b20-dent04_p0238],[@b21-dent04_p0238] Therefore, it was important in the present study to evaluate the cytotoxic effects of hydrogen peroxide, at this concentration, on cells with the odontoblast phenotype, such as MDPC-23. Since the outer pulp tissue layer is composed of odontoblasts that are organized in a monolayer to underlie the tubular dentin,[@b22-dent04_p0238] this cell type is the first to come into contact with the toxic compounds released from the dental materials, such as enamel and dentin, that are able to diffuse through hard tissues. Consequently, odontoblast cell lines, such as the immortalized MDPC-23 cells, are appropriate to evaluate the toxic effects of dental products applied on tooth structures.[@b23-dent04_p0238]

Since SA, when applied along with CP (G4 e G5), is capable of protecting the pulp cells against the toxic effects of sub-products released from the bleaching agent dissolved in aqueous medium, the second hypothesis was also rejected. Cell protection is attributed to the inactivation of ROS by antioxidant agents, which convert the highly reactive radicals into stable molecules ([Figure 2](#f2-dent04_p0238){ref-type="fig"}).[@b24-dent04_p0238] For this reason, as confirmed by MTT assay and SEM analysis of cell morphology, it is possible to suggest that SA at 0.25 mM (G4) or 0.5 mM (G5) actually prevented cell damage when applied to cells that were later exposed to 0.01% CP. Based on the MTT assay, the metabolism of MDPC-23 cells was decreased by 33.12% when no SA was used before the application of the extract with CP. On the other hand, when SA, at 0.25 mM (G4) or 0.5 mM (G5), was added to the culture medium, the metabolism decreased by only 9.65% and 2.37%, respectively. This protector effect of SA, at both concentrations, was also demonstrated by the SEM analysis of cell morphology. In the experimental groups with no SA (G6), a noticeable decrease in the amount of cells attached to the glass substrate was observed. On the glass surface previously occupied by MDPC-23 cells, only residual fragments of membrane from dead cells were noted. These results confirm that the imbalance between the presence of antioxidants and ROS on the cells can cause direct cell death.[@b18-dent04_p0238] Based upon these results and, according to the statistical analysis applied to numerical data obtained from the MTT assay, the protective effectiveness of SA at both 0.25 mM (G4) and 0.5 mM (G5) concentrations was confirmed for MDPC-23 cells, with no significant difference between them. These favorable results regarding the antioxidant effects of SA were also observed when resinous materials were applied to cell cultures.[@b14-dent04_p0238] It is important to emphasize that, in groups G2 and G3, in which culture medium with only SA was applied to the cultured MDPC-23 cells, a discrete increase in cell metabolism occurred. However, the results of cell metabolism determined for G2 and G3 were not statistically different from those of the control group (G1). Despite the lack of statistical significance, it is possible to speculate that the slight increase in cell metabolism observed in Groups G2 and G3 might be attributed to the antioxidant effect of SA, which may have neutralized the endogenous free radicals produced by the cells during normal mitochondrial oxidative phosphorylation.[@b18-dent04_p0238] Therefore, it may be hypothesized that cell damage or death that may have occurred in group G1 (control) did not take place in groups G2 and G3, in which the cell death was prevented and, consequently, SDH production was increased.

Despite the important scientific data presented in the current investigation, not only regarding the cytopathic effects of CP at low concentration but also the protective effect of SA as an antioxidant agent, it has been suggested that results of in vitro studies cannot be directly extrapolated to clinical situations.[@b25-dent04_p0238] Therefore, further in vivo studies are required to evaluate the effects on pulp tissue of bleaching agents with carbamide peroxide in their composition. In addition, it is necessary to assess whether the in vitro pulp cell protection caused by sodium ascorbate, like that observed in the present study, also occurs in clinical situations of tooth bleaching treatment.

CONCLUSIONS
===========

Based on the methodology used in the current in vitro study, it was possible to conclude that 0.01% CP promoted cytopathic effects on the immortalized odontoblast cell line, MDPC-23. It was also concluded that SA at concentrations of 0.25 mM and 0.5 mM was capable of reducing the cytotoxicity of CP to cultured cells.
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![The MDPC-23 cells, which are organized in epithelioid nodules, present large plasma membrane with several small cytoplasmic processes (arrows). Experimental groups G1(a), G2(b), G3(c), and G4(d). SEM, original magnification ×500. In group G5(e), odontoblasts with morphological changes characterized by small size and a few cytoplasmic processes are observed. In this experimental group, some residual cell membrane fragments are observed. SEM, original magnification ×500. In group G6(f), a number of MDPC-23 cells detached from the glass substrate. On the exposed glass substrate, a number of residual fragments of cytoplasmatic membrane from death cells can be seen (arrows). The cells that remained attached to the substrate are organized in epithelioid nodules. SEM, original magnification ×500.](DENT-4-241-g1){#f1-dent04_p0238}

![Hydrogen peroxide (H~2~O~2~) is neutralized by the transfer of a single-electron from ascorbate- (Asc)-producing water and ascorbyl free radicals (AFR). The pairs of AFR form one molecule of dehydroascorbic acid (DHAA) and one Asc. The lactone ring of DHAA breaks down forming the inert products, diketogulonic acid, threonic acid, and oxalic acid; alternatively, DHAA can be reduced to the useful Asc.](DENT-4-241-g2){#f2-dent04_p0238}

###### 

Production of SDH enzyme (means ± standard deviation) detected by MTT assay, according to SA concentration and the presence of the bleaching agent.

            **Bleaching agent**   
  --------- --------------------- ----------------
  0         0.309±0.029 ab        0.207±0.019 c
  0.25 mM   0.340±0.050 a         0.279±0.027 b
  0.5 mM    0.323±0.025 a         0.302±0.036 ab

Significant differences detected by post-hoc Tukey's test are represented by different lower case letters at a pre-set alpha of 5% (n=10).
